We have studied factors affecting biological variation in total plasma alkaline phosphatase in a population of 32 329 apparently healthy subjects four years old or older. Quantification of the bone and liver isoenzymes after thermal denaturation made it possible to specify the contributions of each isoenzyme to variations in the total activities. The main factors that modify plasma alkaline phosphatase activity are age, sex, hormonal state (puberty or menopause), and morphometric parameters(height,body weight, or degree of overweight). The bone isoenzyme is mainly responsible for thevariations associated with age, sex, and puberty and to some extent with the menopause. Activity of the liver isoenzyme was also altered at the menopause and by certain drugs, such as oral contraceptives and blood-lipid-lowering agents. These data allow us to propose reference limits for total plasma, bone, and liver alkaline phosphatases according to age and sex.
a modification of Morgenstern's method (1) and (b) in an Aminco Rotochem II centrifugal analyzer (Kontron, VelizyVillacoublay, 78140, France) at 30 #{176}C according to the recommendations of the Soci#{233}t#{233} Francaise de Biologie Cliiuque (SFBC) (2).
The "liver" and 'bone" isoenzymes were automatically quantitated (3) by heating the plasma at 60#{176}C for 35s, then determining the AP activities before and after this thermal denaturation according to the method recommended by the SFBC.
Population
The biological variations of the total plasma AP activity were studied in a population sample of 32329 subjects who came to the preventive medicine center in Vandoeuvre-LesNancy for a health check-up between July 1978 and December 1979. Subjects identified from the ifies of the state health insurance fund in Nancy were invited in family groups, and so our sample was made up of adults and of children at least four years old. There were approximately equal numbers of the two sexes (16 626 males, 15 703 females) and 14% of the population were children four to 14 years old. Details of the morphometric and socioeconomic characteristics of this population sample are described else-
where (4).
The activities of the bone and liver isoenzymes were estimated on a more limited sample of 2711 individuals at least four years old (1347 males, 1334 females), of whom 31% were children of ages four to 14 and 14% were adults older than 50 years.
Results

Analytical Variations
Short-term and long-term analytical variations were monitored by means of a freeze-dried control serum and pools of human serum. The within-day repeatability was 1.9% to 0.5% (for means from 47.6 to 206 U/L, respectively) for the continuous-flow method, and 2.4% to 1.6% (for means from 59.5 to 202 U/L, respectively) for the SFBC method. The coefficients of day-to-day variation were quite acceptable: 62-4.1%
(for means from 43.7 to 181 U/L) for the continuous-flow method and 5.3-3.2%
(for means from 52.5 to 185 U/L) for the SFBC method. For the bone isoenzyme, the coefficients of variation were 12% for children (mean 131 UIL) and 21.6% for adults (mean 20.2 UIL).
The enzymatic activities as measured at 37#{176}C by the continuous-flow method and at 30#{176}C by the SFBC method were similar. This was a purely fortuitous result arising from the optimization of the SFBC method, so that it gave results similar to those obtained with the SMA H eve though the enzymatic activities were measured at differen temperatures.
For the 2822 samples evaluated by the tw techniques, the correlation coefficient obtained was 0.94 fo a mean of 100 UIL by the SFBC method and 108 UIL by th SMA-il method. The calculated regression line was y = 1.09x -1.34, where y represents the SFBC method and represents the SMA II method. The frequency histograms of total plasma AP and of the bone and liver isoenzymes are shown in Figure 1 for males and Figure 2 for females. The distributions obtained are clearly skewed, particularly for the total plasma and bone AP in both sexes. They appear to be bimodal; children four to 14 years old almost all have clearly higher activities (more than 150 U/L for total plasma AP and more than 100 UIL for the bone isoenzyme) than do adults. On the other hand, the distributions of liver isoenzymes are much narrower, with the values for children lying completely within the histograin for the whole population.
Variation According to Age and Sex
Age. During childhood and adolescence, total plasma AP and the bone isoenzyme altered in parallel. In boys the median was stable up to the age of 10, with values of 220 UI L for the total activity and of 175 UIL for the bone isoenzyme.
Thereafter
there was a large increase in the dispersion up to 14 or 15 years, when the median was at a maximum:
225 UIL for total plasma AP and 220 U/L for the bone fraction. The decrease was then rapid and reached the value for adults at about 20 years: 51 U/L for total plasma AP and 32 UIL for the bone isoenzyme ( Figures   3 and 4) . Among girls the observed changes were similar, but the maximum activity was reached at about 12 years and the adult value at about 17 to 18 years. The liver fraction, by contrast, was not much higher in young people than in adults. Thus the variations observed for total plasma AP during childhood and adolescence are almost entirely ascribable to the bone fraction of the plasma AP.
Sex-related
factors. In addition to the phenomena of bone growth, sexual maturation affects AP activity.
Thus the values for total plasma and bone AP found for percentiles 2.5,50, and 97.5 were clearly lower in girls between 10 and 15 who had reached the menarche than for girls of the same age who had not. There was no difference, however, for the liver isoenzyme ( between ages 20 and 50, there was no substantial variation of the plasma AP values, which, however, were higher in men than in women by about 20% for the total activity and 40% for the bone isoenzyme. The liver fraction was essentially the same in the two sexes.
After the age of 50, there was a significant increase in AP in men and even more so in women, whose AP values equalled or even exceeded those of men. This increase in AP activities in women seemed to be related chiefly to the menopause, as Table 2 shows. The AP activity of postmenopausal women was greater than that of pre-menopausal women, by about 25% for the total activity, 30% for the bone fraction, and 22% for the liver fraction, for the same age class (40 to 55 years). Contrary to what happens at puberty, the two isoenzymes seem to increase after the menopause.
Morphometric Parameters
Height.
In adults, AP activity was not related to the heights of the individuals, but in children there was a clearly significant correlation of height with both total AP and the bone isoenzyme up to age 15 for girls (p < 0.01) and 20 for boys (p < 0.001) due to the process of ossification and related to the bone age (Table 3) .
Body weight. For weights greater than 45 to 50 kg-i.e., among adults-the body weight did not seem to affect the AP activity in men, whereas in women the values were higher for those who weighed more than 70 kg. A study of degree of overweight, as calculated by Lorenzs formula (5), confirmed these results: women who were more than 15% overweight had a 20% greater phosphatase activity (relative to the median) than women who were not overweight. No difference was observed as a function of degree of overweight in men.
Among people less than 20 years old, weight is an important index of the growth of the individual, and a very significant correlation (p < 0.001) was observed between body weight and bone isoenzyme activity in boys from four to 20 years old and in girls from four to 15. Just as for height, this correlation was positive among boys from four to 15 and girls from four to 10, which indicates that AP activities and height vary together, whereas between 15 and 20 years for boys and 10 and 15 years for girls the correlation coefficient was negative-i.e., this is the region where 
Table 3. CorrelatIons of Total Alkaline Phosphatase and its isoenzymes with Some Morphometrlc Parameters in Growing Persons
Age, years total and bone AP decrease while weight and height continue to increase (Table 3) . It is also evident that the variations in total AP with the morphometric parameters are due only to the bone isoenzyme.
Drugs. The overall effect of drugs, without distinguishing among therapeutic classes, is not negligible over the interval of the reference limits, particularly at percentile 97.5.
Oral contraceptives. The use of oral contraceptives produced a significant decrease (10%) in AP activity, with a complete shift of the histogram of the sample of women taking the pill relative to that of the control group (6). The effect was also a function of age, as the decrease was much more marked after age 40. Only the liver enzyme was decreased; the median went from 48 UIL in the control group to 43 UIL in 30-to 40-year-old women who were taking the pill. The bone isoenzyme did not alter.
Hypolipemic agents. The use of Fenofibrate produced a decrease in total AP of about 36% at the median; the liver isoenzyme alone was responsible for this change in adults. In children, the liver and bone isoenzymes decreased simultaneously (7) .
Antiepileptic drugs. These drugs strongly increased the plasma AP activity in adults (by 24% in men and 70% in women) and in children (by 56% in boys and 53% in girls) (8). The relative contributions of the liver and bone isoenzymes here were not clearly defined.
Establishment of Reference Values
The strategy for establishing population reference values is now well established (9). It is necessary to know the factors that cause pathological variation, to decide on the exclusion factors for eliminating from the reference sample subjects who are sick or who show some bias relative to the reference population, and to choose stratification factors to take into account to obtain homogenous subsets. The reference limits are then defined from the reference sample thus obtained.
From a practical point of view, to determine reference values for AP, we have taken account of the following exclusion criteria:
S presence of a pathological state #{149} taking of drugs (including oral contraceptives) #{149} more than 20% overweight #{149} pregnancy and the following partition criteria:
#{149} age #{149} sex #{149} puberty #{149} menopause (between 40 and 55 years) The magnitude of the variations at puberty makes it necessary to define very narrow age classes-spanning one or two years-for children and adolescents. With adults, wider classes of 10 years can be envisaged, but pre-and postmenopausal women must be considered separately. We propose reference limits for percentiles 2.5 and 97.5 by the continuous-flow method (Table 4) and by the SFBCrecommended method (Table 5) for total plasma AP, and by thermal denaturation and then measurement by the SFBC method for the liver and bone isoenzymes (Tables 6 and 7) .
The reference limits for subjects 20 to 30 years old (reference state) are shown in Table 8 . This reference state therefore corresponds to the situation of a population class with minimum biological variation factors (10).
Inter-Population Comparison
The proposed reference limits were compared with those obtained in Sherbrooke, Canada, by Petitclerc (11), using the same analytical technique and the same apparatue (SMA 12/60). 
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Bringing all the analytical and biological variation factors under control thus makes it possible to obtain reference limits that can be transferred from one laboratory to another, provided that the population samples do not differ by genetic, socioeconomic, or environmental criteria.
Discussion
Variations in total plasma AP as a ftmction of age and sex are well known at present, but few studies have focused on the bone and liver isoenzymes during physiological alterations in AP, and most of those have used smaller populations, with no more than 120 subjects for all ages and both sexes. In this paper we have tried to show what are the main biological variation factors of total plasma AP and also of the liver and bone isoenzymes, to classify these variation factors, and from these data to define reference limits for total, bone, and liver AP in plasma.
Interference by the lsoenzymes of Placental or intestinal Origin
The AP activity of placental origin was not determined, because pregnant women were excluded from our population sample. Blood samples were taken from the subjects included in the study when they were fasting, to avoid excessive interference from intestinal isoenzymes, which pass into serum much more readily after meals (12). The measurements of intestinal isoenzymes on a subset of 66 subjects after inhibition by i,-.bromotetramisole 
Age and Sex
The increase of total AP and its dispersion during childhood and adolescence is at present well documented, and our results agree with those of a great number of authors (17) (18) (19) (20) . The modifications observed in adults of middle age and older are also well established (21) (22) (23) .
Considering the enzyme as a function of age, Kruse et al. (15) found that in children between two and 13 years old the intestinal fraction represents 12% of the total activity, the liver fraction 9%, and the bone fraction 77%. The corre- for children four to 12, and 1.5%, 11.5%, and 87% for children 13 to 17 years old. We estimated the fraction of the bone isoenzyme at 80 to 87% of the total plasma AP in children four to 15 years old.
Healthy adult serum contains bone and liver isoenzymes in an activity ratio of about 1.1, as shown by Petitclerc (24 It is now well established that there is a link between phosphatase activity and sexual maturity (27, 28) , and our own results confirm this. The determination of the liver and bone isoenzymes also shows that only the bone isoenzyme altered with the hormonal state of the subjects, at least in girls. The interrelationships among AP and sex hormones, particularly estrogens, could also, together with the phenomena of bone growth, be responsible for the differences observed according to sex: the different positions of peaks of maximum activity in boys and in girls; the greater activity of total AP in men than in women between ages 20 and 50 (where again the observed difference is due mainly to the bone isoenzyme); and the increase in AP activity in women after the menopause (29). In this last case, the bone and liver isoenzymes both seem to be involved in the increase in total plasma AP, in contrast to what happens at puberty.
Pregnancy
During pregnancy there is a slow increase in AP activity for the first six months, followed by a much larger increase (to up to three-or fourfold the usual values) during the last trimester, reaching a maximum at term. This increase is mainly due to the placental isoenzyme, whose activity can constitute 50% of the total activity (22, 30) . The placentallyderived activity does not seem to be related to the weight of the placenta or fetus (31). After the delivery, the activity declines to its normal value within three to four weeks (32), although lactation may result in an increased AP activity for much longer after the delivery (33).
Morphometric Parameters
Only the isoenzyme from bone is correlated with the morphometric parameters height and weight in young people. Any degree of overweight needs to be taken into account only in females. The different effects of overweight on AP activities in men and women may perhaps be correlated with the different fatlmuscle weight ratios in the two sexes.
Whitaker et al. (26) also noticed a very slight increase in the liver isoenzyme with age, plus an activity derived from bone that was greater in males than in females, just as (22, 35) . Physical activity itself, whether work or play, does not seem to be a determining factor for increases in bone AP in our experience. with another such agent, clofibrate. In children, on the other hand, the bone isoenzyme was also decreased, unlike what happens at the time of puberty or at menopause, when only the liver isoenzyme is altered by use of pill. The most widely accepted hypothesis about the effect of estrogens on AP is that oral contraceptives protect against post-menopausal osteoporosis. In the case of estrogen/progestogen combinations it seems from our results that this notion is no longer tenable, because the liver isoenzyme is decreased.
Drugs and Xenobiotics
Moderate consumption of alcohol produced no significant change in plasma AP activity, which therefore is presumably not inducible by alcohol, in contrast with gammaglutamyltransferase (37) . On the other hand, chronic alcoholism can cause an increase of AP consequent to an alteration in liver function (22).
Genetic Factors
The influence of blood group on AP activity was clearly shown, with groups 0 and B being associated with higher AP activities than group A, while group AB was intermediate (38, 39). Whether or not subjects are secretors is also involved, especially for the intestinal isoenzyme, as we have indicated above (40). Race also affects plasma AP activity, which is greater in black children than in white children at puberty, owing to a greater development of the skeleton (22) . Similar results have been reported in the United States by Bennett et al. (27) .
Other Factors
Fasting appears to decrease plasma AP activity, as does malnutrition, but the findings of various authors are contradictory (22, 41). Moderate exercise produces only a slight change in AP: 2% to 5%, according to age (42). Intense exercise produces no effect (43).
Comparison of Various Sources of Biological Variation
The intra-individual within-day biological variation is 4% and is only half the day-to-day variation (8 to 10%) (44). There is therefore a great variability in phosphatase activities, which produces a wide dispersion of results for a group of subjects, whereas for any one individual the values change relatively little with time.
In conclusion, we have demonstrated the magnitudes of the various sources of biological variation that particularly influence the reference limits of AP. We have also defined for the most important of these sources of variation (sex, age, morphological characteristics, and hormonal state) the source-bone or liver-of the total AP activities observed. We stress also the importance of having reference values appropriate to the individual.
